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Section  1 
UfTRCOUCTICM 

This  is  the  final  report  for  a  satellite  measurement  program  to  inves¬ 
tigate  the  characteristics  and  causes  of  horizontal  ion  density  gradients 
in  the  P-region  ionosphere.  The  satellite  payload  was  successfully  launched 
on  18  March  1969  into  a  poler  orbit  and  has  been  providing  data  since  that 
time.  This  report  covers  the  development  of  the  payload,  the  satellite 
orbital  operations,  and  the  preliminary  dsta  analysir  phases  of  the  program. 
The  analysis  of  the  flight  data  is  being  continued  under  Contract  NOOC14-7&- 
C-032U. 

The  ionosphere  is  frequently  chsracterized  by  its  ability  to  absorb, 
refract,  or  reflect  electroauignetic  irradiations.  These  characteristics 
are  clearly  important  to  terrestrial  and  spsce  communications  networks  and 
to  radar  tracking  systems,  particularly  over-the-horizon  tracking  systems. 

In  addition,  the  ionosphere  plays  an  important  role  in  the  ability  to  detect, 
locate,  and  characterise  nuclear  detonations  by  means  of  the  electromagnetic 
signals  produced  by  the  detonations.  Changes  in  the  natural  ionospheric  dens¬ 
ity  and  composition  are  also  produced  by  nudesr  detonations  in  or  near  the 
ionosphere,  and  identification  of  the  perturbed  ionization  can  serve  as  c 
means  of  detection  and  characterisation  of  the  nuclear  device. 

It  is  well  known  that  nuclear  detonations  in  the  earth's  magnetosphere 
produce  strong  electromagnetic  signals,  particularly  in  the  low-frequcncy 
range.  Detection  of  these  signals  and  measurements  of  their  characteristics 
provide  a  means  of  identifying,  locating,  and  characterising  a  nuclear  detona¬ 
tion.  Electromagnetic  signals  from  nuclear  detonations  have  frequently  been 
observed  at  large  distances  from  the  point  of  detonation  as  a  result  of  the 
propagation  of  the  signals  through  the  ionosphere  or  within  the  earth-iono- 
sphere  cavity.  The  intensity,  time  dependence,  and  frequency  composition  of 
these  signals  at  remote  distances  are  strong  functions  of  the  characteristics 
of  the  ionosphere.  At  present,  our  limited  knowledge  of  the  structure  of  the 
ionosphere  continues  to  limit  our  ability  to  determine  the  electrons  r’notic 
source  characteristics  from  measurements  on  the  signals  received  at  distant 
stations. 
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Prior  to  the  initiation  of  the  present  program,  large  horizontal 

gradients  in  the  ion  density  near  the  region  of  maximum  density  in  the 

F-region  (300-350  kn)  had  been  observed  by  the  Lockheed  Upper  Atmospheres 

Group1  with  satellite  instrumentation  during  a  4-day  flight  in  November 

1963.  Some  of  the  gradients  persisted  from  day  to  day  and  were  generally 

aligned  with  the  magnetic  field.  These  data,  coupled  with  earlier  data 

from  the  Alouette  topside  sounder,  indicated  that  a  nighttime  trough  of  low 

ion  density  might  be  present  at  all  altitudes  on  the  equatorial  side  of  the 

auroral  zones.  The  data  also  showed  that  the  ion  density  gradients  on  the 

nightsidc  of  the  earth  in  the  region  of  the  polar  auroral  zones  were  related 

to  the  low-energy  precipitated  particle  fluxes  in  those  regions.  Horizontal 

gradients  were  also  observed  in  the  South  Atlantic  anomaly  region  and  they 

appeared  to  be  directly  associated  with  the  artificial  radiation  belt  and 

2 

at  times  with  the  Van  Allen  radiation  belt  .  More  detailed  reports  of  the 
early  Lockheed  and  Alouette  results  have  subsequently  been  published  else¬ 
where^***. 

The  present  program  was  undertaken  to  improve  our  understanding  of  the 
horizontal  ion  density  gradients.  The  major  goals  of  the  program  are  l)  to 
investigate  the  vertical  extent  of  the  type  of  horizontal  ion  density  grad¬ 
ients  observed  in  November  1963,  2)  to  study  the  local  time  dependence  and 
other  long-term  and  short-term  variations  of  the  observed  structure  and  3) 
to  investigate  the  role  of  the  energetic  particle  fluxes  in  providing  the 
ion  density  gradients. 

Initially,  two  satellite  flights  were  planned.  One  was  to  be  flown 
above  the  F-region  peak  density  (400-500  km)  and  one  below  the  peak  (250-300 
km).  The  satellite  experiment  that  has  been  completed  and  is  reported  here 
was  flown  above  the  F-peak. 

The  satellite  was  launched  on  18  March  into  a  99°  inclination  orbit  with 
apogee  initially  at  590  km  and  the  perigee  at  469  km.  All  of  th  payload 
performed  well  on  orbit  initially  and  most  of  it  continued  to  perform  well, 
throughout  the  first  year's  operation.  The  satellite,  however,  failed  to 
achieve  orientation  and  tumbled  in  a  near  random  fashion  but  with  a  tumble 
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rate  that  varied  with  time.  In  spite  of  this  failure,  all  of  the  instrument¬ 
ation  provided  some  high-quality  data  and  a  large  body  of  data  has  been 
acquired  that  promises  to  yield  significant  results  on  the  systematic 
relationships  between  the  ionospheric  structure  at  this  altitude  and  the  in¬ 
put  energy  sources  in  the  form  of  particle  fluxes.  Electron  density  and 
temperature  measurements  with  the  Langmuir  probe  were  acquired  throughout 
the  experiment  and  ion  density  and  temperature  measurements  were  acquired 
during  the  first  225  orbits.  The  preliminary  analysis  has  shown  that 
ionospheric  structure  is  observed  and  is  significant  at  this  altitude. 

The  failure  of  the  satellite  to  achieve  stabilization  has  complicated  the 
analyses,  and  the  delay  in  obtaining  good  ephemeris  data  from  the  Air  Force 
for  the  period  prior  to  orbit  388  has  resulted  in  a  delay  in  the  analysis 
of  the  ion  and  electron  density  data  since  detailed  attitude  information 
is  required  for  the  interpretation  of  the  data. 

Substantial  progress  has  been  made  in  the  preparation  of  a  series  of 
computer  programs  for  processing  the  flight  data.  These  programs  have  been 
used  in  the  analysis  of  the  particle  flux  data  to  verify  their  applicability 
to  flight  data  of  varying  quality,  and  detailed  surveys  of  the  particle 
fluxes  for  some  of  the  early  orbits  have  been  performed. 
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Section  2 


INSTRUMENT  AT  XGN 


2.1  Ionospheric  Measurements 

The  state  of  the  ionosphere  is  best  described  in  terms  of  the  ion 
density,  ion  temperature,  electron  density,  electron  temperature  and  the 
intensity  and  distribution  of  epithermal  electron  fluxes.  In  this  in¬ 
vestigation  of  the  horizontal  ion  density  gradients  in  the  lower  iono¬ 
sphere  these  parameters  have  been  measured.  The  accomplishment  of  this 
task  has  been  obtained  with  the  following  instrumentation:  an  Ion  Energy 
Analyzer  (IEa)  to  measure  ion  densities  and  temperatures;  an  Epithermal 
Electron  Analyzer  (EEA)  to  measure  the  intensity  and  distribution  of 
epithermal  electron  fluxes;  and  a  cylindrical  Langmuir  probe  to  meas¬ 
ure  electron  densities  and  temperatures. 

The  Ion  Energy  Analyzer  (IEA)  flown  in  this  experiment  was  a  re¬ 
tarding  potential  analyzer  which  operated  in  the  range  from  +27  volts 
to  -10  volts.  The  sweep  voltage  changed  lineurly  from  +27  volts  to  -10 
volts  in  a  two-second  period  and  the  return  sweep  was  accomplished  in  a 
one-second  period.  The  IEA  had  the  capability  of  measuring  the  ion  dens¬ 
ities  of  two  different  groups  of  ions  in  an  ionosphere  composed  of  two 
groups,  namely  molecular  ions  (NO4,  0,,4,  Ng+,  etc.)  and  atomic  ions  (04, 

N4,  etc.).  In  addition  to  the  separate  ion  densities  the  comnon  ion 
temperature  is  also  obtained.  The  data  is  partially  "on-board"  processed 
such  that  very  little  telemetry  bandwidth  is  used  in  transmitting  the  data. 
A  complete  description  of  the  operation  of  a  similar  instrument  is  given 
in  the  literature1. 

The  particular  model  of  the  IEA  in  this  experiment  required  last- 
minute  modifications  due  to  the  change  in  the  stabilized  orientation 
of  the  vehicle.  The  IEA  is  designed  to  be  oriented  looking  into  the 
velocity  vector.  Inasmuch  as  the  vehicle  was  projected  to  be  relatively 
unstable  around  the  yaw  axis,  the  sensor  elements  of  the  IEA  were  in¬ 
creased  from  initially  one  to  four.  These  elements  were  located  on  the 
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thnt  In  Uki  two  ui;:;  r.tatillized  condition  at  least  one  of 
t.h*?  ::'*».sor  olencntr.  would  be  nearly  In  the  direction  of  the  velocity 
vector. 

The  instrument  with  the  four  sensnr  elements  vat  carefully  calibre* 
ted  for  each  node  of  operation.  A  typical  calibration  curve  ia  shown  in 
Kirure  2.1.  The  figure  it  a  reproduction  of  an  actual  atrip  chart  record 
of  a  calibration  run.  The  various  channels  of  the  chart  are  labeled  corres¬ 
ponding  to  the  functions  of  the  instrument.  The  basic  cycle  of  the  lnstru- 
nent  is  demonstrated  by  the  "sweep"  channel. 

A  conventional  cylindrical  Langmuir  probe  was  supplied  through  the 

courtesy  of  Professor  A.  Megy  of  the  University  of  Michigan.  This  lnstm- 

ment  measures  the  electron  concentration  and  the  electron  temperature  by 

applying  a  negative  retarding  sweep  potential  to  a  cylindrical  wire  prebe. 

The  electrons  collected  on  the  probe  are  then  analysed.  Prom  the  character* 

istic  volt-ampere  curve  the  electron  density  and  temperature  may  be  obtained. 

A  more  detailed  discussion  of  this  type  of  instrument  and  the  data  analysis 

2 

may  be  found  in  the  literature  . 

The  Epithermal  Electron  Analyzer  (ba)  experiment  was  incorporated  in 
the  satellite  to  measure  the  flux  of  electrons  as  a  function  of  energy  in 
the  range  0*128  electron  volts,  electrons  in  this  energy  range  are  produced 
by  photo  ionization  of  the  neutral  atmosphere,  by  energetic  particle  bombard - 
nent  of  the  neutral  atmosphere,  and  by  other  processes  such  as  Joule  heating 
and  heat  conduction  from  the  magnetosphere.  These  low  energy  electrons  are 
potentially  responsible  for  exciting  many  of  the  alrglov  lines  such  as  1^93-A 
of  atomic  nitrogen,  and  the  1304-,  1356-,  9577-  and  6JOO-A  lines  of  atomic 
oxygen.  They  also  play  an  important  role  in  the  energy  degradation  of 
extreme  ultraviolet  photons  and  energetic  particles  into  thermal  energy 
of  the  upper  atmosphere. 

An  example  of  one  of  the  sensors  attached  to  the  electronics  box 
is  illus  rated  in  Pi cure  2.2.  The  cylindrical  portion  contains  grids  and 
a  collector  which  together  serve  to  exclude  the  positive  ions  in  the  iono¬ 
sphere  and  to  collect  negatively  charged  particles  (essentially  aU  electrons) 


r 


IMSC/l-CN-70-1 


Figure  2.2  One  of  the  epithermal  electron  analyzer 
sensors. 
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which  have  sufficient  energy  to  penetrate  the  retarding  potential  barrier 
established  on  one  of  the  grids.  The  retarding  potential  is  stepped  suc¬ 
cessively  from  tero  to  126  vjlts  to  determine  the  flux  in  eight  energy 
intervals. 

Three  sensors  were  mounted  on  the  satellite  in  different  orientations, 
two  of  them  antiparallel.  The  three  sensors  were  required  to  overcome  elec¬ 
tron  shadowing  by  the  vehicle  in  the  earth's  magnetic  field.  The  two  detectors 
which  were  antiparallel  permit  measurement  of  a  resultant  electron  current 
along  the  magnetic  field  line. 

The  sensors  were  designed  to  measure  the  flux  over  the  range  10^-10^ 

-2  *1  «1 

particles/cm  -sec  -ster  .  Figure  2.3  is  the  calibration  curve  for 
sensor  1  and  demonstrates  that  this  range  was  successfully  achieved.  Pre¬ 
liminary  data  analysis  indicates  that  the  electron  fluxes  fell  within  the 
range  of  the  sensors  at  essentially  all  times. 

2.2  Particle  Detectors 

An  array  of  low-energy  particle  detectors  was  included  in  the  payload 
in  order  to  adequately  document  the  energy  inputs  to  the  ionosphere  from 
low-energy  precipitation  events.  The  angular  distributions,  energy  distri¬ 
butions,  spatial  and  temporal  distributions  of  low-energy  particle  precipi¬ 
tations  are  known  to  be  highly  variable  and  the  fluxes  can  be  in  the  form 
of  electrons,  protons  or  energetic  Helium  ions.  Sufficient  instrumenta¬ 
tion  is  required  to  define  all  of  the  many  parameters  in  the  event.  We 
have  chosen  two  complementary  forms  of  instruments  to  perform  these  meas¬ 
urements.  The  first  type  uses  a  scintillator-photomultiplier  combination 
as  the  detecting  element.  It  can  be  made  with  a  large  geometric  factor 
and  so  can  obtain  an  adequate  statistical  sampling  in  a  relatively  short 
time  and  is  therefore  particularly  suited  for  studying  narrow  auroral 
structures  and  fast  temporal  changes  in  the  precipitation.  The  cnerty 
and  particle  type  is  determined  by  seme  combination  of  electrostatic, 
magnetic,  and  foil  threshold  analysis.  The  design  considerations  and  a 
detailed  discussion  of  the  construction  and  calibration  of  this  type  of 
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instnmmnt  has  been  published  *  .  Five  of  then  have  been  included  in  the 
payload.  Angular  distribution  instruments  (ADI)  -1,  -2  and  -3  measure  the 
angular  distribution  of  the  total  energy  flux  above  two  thresholds  (0.2  and 
1.2  keV)  by  Mans  of  a  variable  electrostatic  threshold  which  is  cycled 
eight  tines  per  second  between  the  two  values  indicated.  Two  instruments, 
dotal  gnsrgy  froton  (IBP)  detectors  -1  and  -2,  measure  the  total  proton 
energy  flux  above  4  keV  and  the  total  energetic  electron  flux  (electrons 
above  21  keV).  The  threshold  values  for  these  instruments  are  defined 
by  thin  evaporated  aluminas  foils  on  the  faces  of  the  scintillators  and 
the  electrons  are  separated  from  the  heavy  ions  with  magnetic  analysis. 

Hie  geometric  factors,  angular  ranges  and  other  specific  characteristics 
of  the  several  flight  instruments  are  shown  in  Table  2-1.  The  second 
basic  type  of  instrumerc  used  is  based  on  the  Channel-Electron-Multiplier 
(CEM)  as  the  detecting  eleMnt.  These  detectors  are  very  compact  and  so 
many  channels  can  be  included  in  the  payload,  allowing  one  to  achieve  good 
energy  resolution.  The  small  detector  site,  however,  limits  the  statistical 
accuracy  of  the  MasureMirts  in  weak  or  rapidly  varying  events.  In  this 
sense  they  are  comp 11m nt ary  to  the  scintillator-photomultiplier  detectors 
described  above.  Ve  have  included  five  instruments  of  this  type  in  the 
payload,  oriented  in  different  directions  so  as  to  perform  an  angular 
distribution  MasureMnt  of  the  incident  flux.  Each  instrument  contains 
from  nix  to  ten  modular  channels  and  each  channel  measures  a  specific 
energy  group  of  either  electrons  or  protons.  The  channels  are  essentially  in¬ 
dependent  detectors  consisting  of  a  CEM  as  the  censor  and  some  combination 
of  magnetic  and/or  foil  threshold  analysis  to  define  the  energy  range  and 
the  type  of  particle.  The  modular  channels  are  stacked  together  in  groups 
of  from  six  to  ten  on  a  base  which  contains  a  common  high-voltage  supply 
and  signal  handling  circuitry.  The  design,  construction  and  calibration 

C 

of  these  instnmwnts  has  been  described  in  the  literature  and  will  not 
be  elaborated  upon  here. 

The  individual  modules  can  be  one  of  several  types.  The  CME  (Channel- 
electron  -multiplier  •  Magnetic  analysis  -  Electrons)  uses  a  180°  permanent 
magnet  spectrometer  to  define  the  energy  range.  The  CMP  (Channel-electron 
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multiplier  -  Magnetic  analysis  -  Protons)  also  uses  magnetic  analysis  but 
measurer.  Incident  protons.  The  CFP  (Channel-electron-multiplier  -  Foil 
threshold  analysis  -  Protons)  uses  a  magnetic  broom  to  sweep  out  electrons 
and  defines  the  threshold  energy  of  the  measured  proton  flux  with  a  thin 
carbon  or  nickel  foil.  The  CfE  (Channel-electron-multiplier  -  Foil  threshold 
analysis  -  Electrons)  is  a  similar  unit  without  the  magnetic  broom  so  that 
the  difference  between  its  response  and  that  of  the  CFP  gives  the  electron 
flux  above  the  foil  determined  threshold.  The  CZU  (Channel-electron -multiplier 
Z  [unspecified  analysis]  -  Ultraviolet)  is  a  background  channel  which 
measures  the  incident  ultraviolet  radiation  in  the  IOO08  range.  The  channel- 
electron-multipliers  are  quite  sensitive  in  this  wave  length  region  which 
contains  both  an  intense  solar  line  (12168)  and  several  auroral  emissions, 
and  the  background  measurements  are  needed  to  subtract  out  this  UV  response 
when  necessary.  The  specific  characteristics  of  the  individual  channels 
included  in  the  payload  are  shown  in  Table  2-1. 

In  addition  to  the  five  modular  CEM  instruments,  an  instrument  has  been 
included  in  the  payload  using  CEM' s  as  the  sensing  element,  which  is  designed 
to  measure  the  ratio  of  energetic  Helium  ions  to  protons  in  the  auroral  pre¬ 
cipitations.  It  contains  three  channels  each  of  which  consists  of  a  velocity 
filter  (crossed  electric  and  magnetic  fields)  in  series  with  an  electrostatic 
analyzer.  The  electrostatic  analyzer  is  operated  at  a  fixed  energy  (l,  3  or 
8  keV  in  each  of  the  three  channels)  and  the  electric  field  on  the  velocity 
filter  is  swept  so  that  a  range  of  mass-per-unit-charge  is  analyzed.  The 
instrument  is  capable  of  resolving  H  ,  He  and  He  ions.  Figure  2.4  shows 
the  data  from  the  8-keV  channel  for  two  consecutive  mass  sweeps  during  an 
auroral  precipitation  event  in  the  southern  hemisphere  which  contained  a 
substantial  component  of  He++. 

As  has  been  indicated,  a  substantial  fraction  of  the  low-energy  detect¬ 
ors  utilize  thin  foils  to  define  the  energy  range  of  the  particles  measured. 

The  precise  determination  of  the  thickness  of  these  foils  is  required  as 
part  of  the  calibration  process.  This  is  accomplished  by  meuns  of  a  thin 
radioactive  source  of  Am  which  emits  alpha  particles  of  5*48  MeV.  A 
high-resolution  solid-state  detector  is  used  to  measure  the  enerw  loss  of 
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Figure  2.4  Flight  data  from  the  CXA  (Channel-electron-multiplier  -  X 
[crossed-field  analyzer]  -~Alpha  particles  plus  protons)? 
Two  consecutive  mass  sweeps  are  indicated  from  a  crossing 
of  the  auroral  zone  on  13  May  1969. 
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the  alpha  particles  in  traversing  the  foils.  For  the  scintillator-photo¬ 
multiplier  detectors  where  the  foil  is  evaporated  directly  onto  the  face 
of  the  scintillator,  this  is  accomplished  by  determining  the  increased  energy 
loss  of  the  alpha  particles  in  traversing  a  thin  plastic  film  (formvar)  which 
hus  been  placed  next  to  the  scintillator  during  the  evaporation  process. 

O 

These  measured  energy  loss  values  and  the  equivalent  thickness  in  ugn^cm 
for  the  flight  foils  are  given  in  Table  2-II  along  with  other  relevant  foil 
parameters . 

Figures  2.5  through  2.9  give  the  calibration  curves  for  the  five  scin¬ 
tillator-photomultiplier  flight  instruments.  The  ordinates  give  the  total 
particle  energy  deposition  in  the  scintillator  and  the  abscissas  show  the 
corresponding  output  voltage  of  the  instrument.  The  shapes  of  the  curves 
are  determined  by  activating  the  instruments  with  a  series  of  geometrically 
identical  Sr7  -Y7  radioactive  sources  of  known  relative  intensity  in  a 
reproducible  geometry.  The  calibration  points  obtained  from  these  sources 
are  shown  on  the  curve  (labeled  2-3  through  2-12).  The  absolute  normal¬ 
ization  of  the  curves  is  determined  by  measuring  the  energy  deposition  in 
the  scintillator  from  one  of  the  weaker  sources  using  pulse-counting  tech- 

3 

niques  .  Also  shown  on  the  curves  are  the  points  from  the  in-flight  calibra¬ 
tion  light  diodes  (Gallium-phosphide).  These  lights  are  turned  on  period¬ 
ically  during  the  course  of  the  experiment  to  measure  any  gain  drifts  in 
the  instruments.  A  low-level  in-flight  radioactive  calibration  source  is 
included  in  each  detector  and  its  level  is  also  indicated  on  the  curves. 

For  the  ADI  instruments  the  source  material  used  is  H7( adsorbed  in  Zr) 
which  has  a  beta  spectrum  of  sufficiently  low  energy  that  it  is  affected 
by  the  repelling  and  post-acceleration  voltages  used  in  the  instrument.  The 
instrument  response  to  the  source  in  each  of  its  two  operating  modes  (200  eV 
and  1200  eV  threshold  steps)  is  indicated  by  the  upper  two  points  and  the 
response  in  a  possible  failure  mode  (post  acceleration  and  repeller  volt¬ 
ages  =  0)  is  shown  as  the  lowest  point. 

Figures  2.10  and  2.11  give  two  representative  calibration  curves  for 
the  OEM  instruments.  The  ordinates  give  the  counting  rate  and  the  abscissas 
show  the  corresponding  output  voltages.  Two  curves  arc  shown  -  one  for 
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Table  2 -II.  CHARACTERISTICS  OF  FLIGHT  FOILS 


Instrument 

Foil 

Number 

— 

Foil 

Material 

Foil 

Diameter 

(inches) 

Light 

Transmission 

|keV 

p rj/Zd 

ADI-1 

129A 

Aluminum 

20.1 

7.8x10s** 

/ 

ADI-2 

129B 

Aluminum 

20.  \ 

3.5x10°** 

ADI-3 

129D 

Aluminum 

1.550 

20.1 

1.1x10°** 

TEP-108-1 

602B 

Aluminum 

0.875 

15.8 

1.6x10'** 

TEP- 108-2 

U3B 

Aluminum* 

0.875 

22.0 

6.1x10°** 

TEP-108-2 

X6501A 

Aluminum 

0.705 

- 

1000* 

CFP-1B 

190 

Nickel 

0.028 

26.4 

61.5 

1.4x10* 

CFP-1D 

225 

Nickel 

0.028 

95.5 

222.0 

*  4.1x10" 'A 

CFP-2A 

1U3 

Carbon 

0.014 

10.4 

13.7 

1.2x10** A 

CFP-2C 

264 

Nickel 

0.028 

56.0 

130.0 

<  2.4x10* 'A 

CFP-2E 

215 

Nickel 

0.028 

• 

4150* 

• 

CFP-3B 

186 

Nickel 

0.014 

24.2 

56.3 

1.6x10*5A 

CFP-3D 

234 

Nickel 

0.028 

95.5 

*  7.2x10* 'A 

cfe-Ua 

255 

Nickel 

0.r20 

34.2 

79.7 

cfe-4b 

23 2 

Nickel 

0.020 

50.9 

218.0 

«  9.5x10* 'a 

CFE-UC 

221 

Nickel 

0.020 

- 

4150* 

m 

cfp-ub 

254 

Nickel 

0.020 

33.6 

78.4 

1.4x10*5A 

CFP-5D 

231 

Nickel 

0.020 

93.5 

217.0 

«  4.3x10* 'A 

CFE-5 

24l 

Nickel 

0.110  mesh 

- 

2840* 

- 

CFP-5B 

193 

Nickel 

0.056 

25.9 

60.3 

1.5xlO*3A 

CFP-5C 

5 

Nickel 

0.056 

65.4 

151.5 

"•  1.8x10* 'a 

CFP-5D 

229 

Nickel 

0.110  nosh 

96.0 

223.0 

1.7xlO*°A 

CFP-5E 

219 

Nickel 

0.110 

- 

4150* 

• 

*  Weighed  on  microbalance 

•*  Response  to  full  moonlight  (kcV/sec  of 
equivalent  flux) 

A  Measured  transmission  fraction  for 
1216X  radiation 

t  An  additional  foil  consisting  of  a  layer  of  £-nil 
mylar  with  about  100  u^i/cm^  A1  evaporated  on  it  is 
used  in  series  vlth  the  foil  evaporated  on  the 
scintillator  for  this  instrument. 
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Figure  2.7  Calibration  curve  for  ADI-3* 
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Figure  \  Calibration  curye  for  TOP-1 

2-1  ( 


TOR  (ImV/mc) 


U*C/L-39-7°'i 


t  9  4  5 

OUTPUT  (volts) 

Cal  I  ir-itioti  c»rvc  l'or  CHE -LA. 
-l'» 


IHSC/L- 39-70-1 


OUTrUT  (VOLTS) 


l''L  urc  r.,11  C'llliiration  curve  C"or  CFP-»TA. 

-  0 


I^isc/L- 39-70-1 


periodic  (sinusoidal)  and  one  for  random  inputs.  Included  on  the  periodic 
curves  are  the  points  from  the  in-flight  calibration  oscillator  which  is 
used  to  calibrate  all  the  ratemeters  periodically  during  the  course  of  the 
experiment.  Also  shown  is  the  point  from  the  in-flight  radioactive  calibra¬ 
tion  source  which  is  included  in  each  channel  to  indicate  any  possible 
changes  in  CEM  counting  efficiency  during  the  course  of  the  experiment.  The 
measured  responses  of  ull  of  the  various  detectors  at  each  step  of  the  four- 
step  calibration  sequence  and  to  their  radioactive  in-flight  calibration 
sources  are  shown  in  Table  2-III.  The  laboratory  measured  values  are  shown 
as  well  as  measurements  taken  in  orbit  both  shortly  after  launch  and  after 
about  a  year's  operation  of  the  experiment.  The  overwhelming  majority  of 
the  sensors  were  still  functioning  satisfactorily  at  that  time. 

In  order  to  adequately  measure  the  more  penetrating  purticles  found  in 
the  radiation  belts  and  polar  cap  regions  which  can  be  a  significant  source 
of  background  to  the  low-energy  detectors,  an  instrument  called  the  PRM 
(Penetrating  Radiation  Monitor)  has  been  included  in  the  payload.  This 
instrument  possesses  high-sensitivity  and  high-time  resolution  for  the 
measurement  of  protons,  electrons  and  alpha  particles.  Detection  of  pro¬ 
tons  in  the  energy  range  1.2-46  MeV  and  integral  above  70  MeV,  electrons 
in  the  range  0.4-1. 9  MeV  and  alpha  particles  in  the  range  7-20  MeV  is  per- 
formed  with  sensitivities  as  high  as  0.1  particles/**m  -sec  and  with  a 
dynamic  intensity  range  of  six  decades.  The  instrument  employs  a  trans¬ 
mission  solid-state  detector  having  a  total-depletion  depth  of  212  am  and 

2 

a  sensitive  area  of  300  mm  in  conjunction  with  a  total-energy  plastic- 
scintillation  spectrometer.  The  plastic-scintillator  has  a  diameter  of 
6.9  cm  and  a  thickness  of  2.8  cm,  corresponding  to  the  range  of  a  58-MeV 

2 

proton.  Both  detectors  are  surrounded  with  a  minimum  shielding  of  9*0  gm/cm 

p 

corresponding  to  the  range  of  a  60-MeV  proton.  A  1 -rag/ cm  -thick  mylar 

2 

window,  evaporated  on  both  sides  with  100 -tig/ cm  aluminum  is  placed  across 
the  entrance  aperture  to  make  the  assembly  light-tight  and  to  prevent  low- 
energy  electrons  and  protons  from  entering  the  solid-state  detector.  The 
maximum  acceptance  half -angle  of  the  aperture  is  90  degrees  md  the  omni- 

? 

directional  geometric  factor  for  an  isotropic  flux  is  approximately  0.9  rvn  . 
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Table  2 -III.  LOW-ENERGY  PARTICIE  DETECTORS.  (Sheet  1  of  4) 

IN-FLIGHT  CALIBRATION  RESULTS. 


( - 

Detector 

Mode 

Flight 

Tost 

(3-?4-69) 

Flight 

Tect 

(4-20-70) 

Detector 

Mode 

Lab  Test 
(1-24-69) 

Flight 

Teat 

(3-24-69) 

Flif'ht. 

Teat 

(4-ro-yp) 

CFP-1B 

CME-1F 

OGC-1 

2.33 

2.25 

OSC-1 

2.37 

-- 

OSC-2 

3.15 

i  End 

3.00 

OSC-2 

3.18 

-- 

Kyra  $ 

OSC-3 

4.28 

4.15 

OSC-3 

4.30 

— 

OSC-4 

4.95 

4.92 

4.80 

OSC-4 

4.95 

— 

4.70 

IFC  Source 

1.10 

1.10 

0.80 

IFC  Source 

1.00 

— 

0.85 

CFP-1D 

CXA-1A 

OSC-1 

2.24 

2.24 

2.10 

OSC-1 

1.81 

1.85 

1.80 

OSC-2 

3.05 

3.03 

2.95 

OSC-2 

2.72 

2.77 

2.70 

OSC-3 

4.14 

4.09 

4.00 

OSC-3 

3.90 

3.95 

3.88 

osc-4 

4.76 

4.76 

4.65 

OSC-4 

4.70 

4.70 

4.65 

IFC  Source 

0.90 

0.95 

0.80 

IFC  Source 

)N  0.20 

— 

0.10 

01 

•F  0.20 

— 

0.20 

CME-lA 

CXA-1B 

OSC-1 

2.32 

2.28 

2.20 

OSC-1 

1.74 

1.85 

1.72 

OSC-2 

3.16 

3.15 

3.05 

OSC-2 

2.65 

2.70 

2.65 

OSC-3 

4.25 

4.21 

4.10 

osc-3 

3.90 

3.95 

3.88 

osc-4 

4.90 

4.88 

4.80 

OSC-4 

4.72 

4.70 

4.60 

IFC  Source 

1.00 

1.00 

1.00 

IFC  Source 

»  0.20 

— 

0.10 

o: 

F  0.60 

— 

0.25 

CME-1B 

CXA-1C 

OGC-1 

2.31 

2.28 

2.20 

OSC-1 

1.80 

1.80 

1.75 

OSC-2 

3.12 

3.11 

3.00 

OSC-2 

2.70 

2.70 

2.62 

OCC-3 

4.21 

4.17 

4.00 

osc-3 

3.90 

0.85 

3.75 

osc-4 

4.85 

4.84 

4.70 

osc-4 

4.65 

4.7l 

4.50 

IFC  Source 

1.10 

1.10 

0.75 

IFC  Source 

If  0.20 

m  m 

0.10 

0 

T  0.70 

mm 

0.15 

CME-1C 

ADI-1 

OSC-1 

2.25 

2.24 

2.15 

Light  1 

1.85 

1.54 

0.97 

OSC-2 

3.06 

3.03 

3.00 

Light  2 

2.42 

2.09 

1.62 

OSC-3 

4.15 

4.13 

4.05 

Light  3 

3.24 

2.91 

2.62 

OSC-4 

4.79 

4.76 

4.75 

Light  4 

4.10 

3.90 

3.60 

IFC  Source 

1.00 

0.95 

0.80 

IFC  Source 

1  1.09 

0.95 

0.50 

IFC  Source 

2  1.22 

1.00 

0.60 

CME-1D 

CMP-3A 

OSC-1 

2.25 

2.24 

2.10 

OSC-1 

2.28 

2.24 

2.20 

OSC -2 

3.03 

2.99 

2.95 

OSC-2 

3.10 

3.07 

3.00 

OSC-3 

4.12 

4.09 

4.00 

osc-3 

4.23 

4.17 

4.15 

OSC-4 

4.77 

4.76 

4.70 

OSC-4 

4.86 

4.84 

4.80 

IFC  Source 

1.00 

0.95 

0.05 

IFC  Source 

0.80 

0.90 

0.70 

CME-1E 

CMP-3B 

OSC-1 

2.34 

3.32 

2.20 

OSC-1 

2.28 

2.24 

2.18 

OGC-2 

3.14 

3.11 

3.00 

OSC-2 

3.07 

3.03 

3.00 

OSC-3 

4.22 

4.21 

4.00 

OGC-3 

4.18 

4.13 

4.05 

:  orc-4 

4.88 

4.88 

4.70 

CSC-4 

4.83 

4.80 

4.72 

j  IFC  Source 

1.00 

1.00 

0.30 

XPC  Source 

0.90 

1.00 

0.80 
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Detector 

Mode 

Lab  Test 
(1-24-69) 

Flight 

Test 

(3-24-69) 

Flight 

Test 

(4-20-70) 

Detector 

Mode 

Lab  Test 
(1-24-69) 

Flight 

Test 

(3-24-69) 

Flight 

Test 

(4-20-70) 

CMP-3C 

■M 

CME-3B 

OGC-1 

2.32 

2.15 

OSC-1 

2.17 

2.10 

OSC-2 

3.09 

1 

2.98 

OSC-2 

2.99 

2.95 

OSC-3 

4.1/ 

Kill 

4.00 

OSC-3 

4.06 

4.00 

osc-4 

4.82 

4.80 

4.70 

OSC-4 

4.72 

4.69 

4.60 

IFC  Source 

1.00 

1.4o 

1.20 

IFC  Source 

0.90 

0.90 

0.75 

CFP-2A 

CME-3C 

OSC-1 

2.38 

2.36 

2.30 

OSC-1 

2.28 

2.24 

2.15 

OSC-2 

3.17 

3.15 

3.05 

OSC-2 

3.09 

3.07 

3.00 

OSC-3 

4.27 

4.25 

4.12 

OSC-3 

4.18 

4.13 

4.05 

OSC-4 

4.93 

4.92 

4.80 

osc-4 

4.84 

4.80 

4.75 

IFC  Source 

1.20 

1.20 

0.95 

IFC  Source 

1.00 

1.00 

0.80 

CFP-3B 

CME-2D 

OSC-1 

2.28 

2.24 

2.15 

OSC-1 

2.29 

2.28 

2.25 

OSC-2 

3.11 

3.07 

3.00 

OSC-2 

3.09 

3.07 

3.05 

OSC-3 

4.24 

4.21 

4.10 

OSC-3 

4.20 

4.17 

4.15 

OSC-4 

4.90 

4.88 

4.75 

OSC-4 

4.86 

4.84 

4.78 

IFC  Source 

1.00 

0.95 

0.80 

IFC  Source 

1.10 

1.00 

0.70 

CFP-2C 

CZU-2 

OGC-1 

2.35 

2.32 

2.25 

OSC-1 

2.25 

2.24 

2.15 

OSC-2 

3.16 

3.15 

3.05 

OSC-2 

3.04 

2.99 

2.95 

OSC-3 

4.28 

4.25 

4.18 

OSC-3 

4.14 

4.09 

4.00 

OSC-4 

4.93 

4.92 

4.85 

OSC-4 

4.79 

4.76 

4.70 

IFC  Source 

1.20 

1.15 

0.90 

IFC  Source 

1.30 

1.80 

0.35 

CFP-3D 

ADI-2 

OSC-1 

2.30 

2.28 

2.10 

Light  1 

1.30 

1.65 

1.22 

OSC-2 

3.09 

3.07 

2.90 

Light  2 

1.90 

2.01 

1.88 

OSC-3 

4.20 

4.13 

4.00 

Light  3 

2.70 

2.76 

2.76 

OSC-4 

4.87 

4.84 

4.68 

Light  4 

3.90 

3.78 

3.80 

IFC  Source 

1.20 

1.20 

1.05 

IFC  Source 

1  0.80 

— 

O.65 

IFC  Source 

2  0.90 

-- 

0.75 

CFP-2E 

TEP-108-1 

OSC-1 

2.30 

2.15 

Light  1 

1.63 

1.50 

1.62 

OSC-2 

3.09 

3.05 

Light  2 

2.35 

2.24 

2.40 

OSC-3 

4.13 

■■fl 

4.00 

Light  3 

3.14 

3.11 

3.22 

OSC-4 

4.80 

4.70 

Light  4 

4.09 

4.13 

4.18 

IFC  Source 

1.30 

1.00 

IFC  Source 

0.68 

0.55 

0.50 

CME-2A 

TEP- 108-2 

OSC-1 

2.30 

2.28 

2.20 

Light  1 

1.51 

1.97 

0.75 

OSC-2 

3.11 

3.0/  1 

3.00 

Light  P 

2.29 

2.28 

1  .Oo 

OSC-3 

4.22 

4.1/ 

4.10 

Light  3 

3.24 

3.11 

2.08 

OSC-4 

4.86 

4.84 

4.75 

Light  4 

4.21 

4.09 

3.  '(< 

IFC  Source 

1.00 

1.00 

0.70 

IFC  Source 

0.93 

0.90 

t ,  'j  1 

1  '•  J 
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i 

j Detector 

1  Mode 

W3  .  '*;*> 

Flij'ht 

Tout 

(3-24-69) 

Flight 

Teat 

(4-20- fO) 

Detector 

Mode 

Lib  Tent 
(1-;.*4-o9) 

Flight 

Teat 

(3-:>Ii-(a)) 

Kl.M-.td. 

T<>  .t 

(4-2»  i-V»') 

CFP-4B 

OSC-1 

2.31 

2.28 

2.20 

CFE-4B 

OSC-1 

2.34 

2.32 

v  •  . M 

m 

OSC-2 

3.13 

3-11 

3.05 

OSC-2 

3.13 

3.H 

0SC-3 

4.2b 

4.21 

4.10 

OSC-3 

4.22 

4.17 

OSC-4 

4.92 

4.88 

4.75 

OSC-4 

4.88 

4.84 

4.^5 

IKC  Source 

1.20 

1.30 

1.10 

IFC  Source 

1.50 

1.50 

1.20 

CFP-4D 

onc-i 

2.38 

2.32 

CFE-4C 

OSC-1 

2.25 

2.20 

2.10 

;  0CC-2 

3.18 

3-15 

— 

OSC-2 

3.05 

3.03 

2. 88 

osc-3 

4.26 

4.21 

m  m 

occ-3 

4.18 

4.13 

3.95 

OSC-t 

4.92 

4.88 

-- 

OSC-4 

4.83 

4.80 

4.65 

IKC  Source 

1.10 

1.20 

— 

IFC  Source 

1.20 

1.10 

0.90 

2.36 

2.32 

2.27 

ADI -3 

Light  1 

1.10 

1.73 

0.90 

3.18 

3.15 

3.10 

Light  2 

1.50 

2.20 

1.57 

OSC-3 

4.29 

4.25 

4.20 

Light  3 

2.50 

3.07 

2.49 

osc-4 

4.94 

4.92 

4.90 

Light  4 

3.50 

3.94 

3.49 

IFC  Source 

1.00 

1.00 

0.75 

IFC  Source 

1  0.80 

0.91 

0.45 

CME-4B 

OSC-1 

2.33 

2.28 

2.25 

IFC  Source 
CFP-5B 

OSC-1 

2  0.90 

2.37 

1.06 

2.36 

0.55 

OSC-2 

3.14 

3.11 

3.10 

OSC-2 

3.18 

3.15 

m  m 

4.25 

4.21 

4.20 

OSC-3 

4.28 

4.25 

m  « 

occ-4 

4.88 

4.84 

4.90 

OSC-4 

4.94 

4.92 

_  _ 

I^C  Source 

0.90 

1.00 

0.80 

IFC  Source 

1.20 

1.30 

•  m 

CME-4C 

OSC-1 

2.35 

2.32 

2.25 

CFP-5C 

OSC-1 

2.34 

2.24 

2.10 

OSC-2 

3.17 

3.15 

3.05 

0SC-? 

3.18 

3.07 

2.92 

OSC-3 

4.27 

4.25 

4.15 

OSC-3 

4.29 

4.17 

3.95 

OSC-4 

4.90 

4.88 

4.75 

OSC-4 

4.97 

4.84 

4.70 

IFC  Source 

1.20 

0.90 

0.80 

IFC  Source 

1.00 

0.95 

0.20 

CME-Ud 
j  OSC-1 

2.33 

2.28 

2.10 

CFP-5D 

OCC-1 

1.00 

2.32 

3.15 

3.11 

3.05 

OSC-2 

2.34 

3.15 

•  - 

osc-3 

4.29 

4.21 

4.10 

OSC-3 

3.18 

4.25 

-  - 

4.91 

4.88 

4.80 

OSC-4 

4.29 

4.92 

IFC  Source 

0.80 

0.90 

0.65 

IFC  Source 

4.97 

1.00 

-- 

cfe-4a 

OSC-1 

2.32 

2.28 

2.25 

CFP-5E 

OSC-1 

■■■ 

OSC-2 

3.13 

3.11 

3.05 

OSC-2 

HiH 

OSC-3 

4.25 

4.21 

4.15 

OSC-3 

I  Pf  : 

_ -  j 

•  - 

OSC-4 

4.92 

4.88 

4.82 

OSC-4 

•  • 

•  • 

1  IFC  Source 

1.60 

1.70 

1.35 

IFC  Source 

-- 
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— 

Flicht 

Flirht 

[  lK'tcctor 

Lab  To::t 

Test 

Test 

1  Mode 

(1-24-69) 

(3-24-69) 

(4-20-70) 

CME-5A 

OGC-1 

0CC-? 

OCC-3 

OSC-4 

IFC  Source 

CME-5B 

OGC-1 

OSC-2 

OSC-3 

OSC-4 

IFC  Source 

CME-5C 

OSC-1 

OSC-2 

OSC-3 

OSC-4 

IFC  Source 

CME-5I) 

OSC-1 

OSC-2 

OSC-3 

OSC-4 

IFC  Source 

CZU-5 

OSC-1 

OSC-2 

OSC-3 

OSC-4 

IFC  Source 


era -5 

OSC-1 

2.30 

2.30 

OSC-2 

3.09 

-« 

3.09 

OSC-3 

4.22 

•  - 

4.05 

OSC-4 

4.88 

-- 

4.75 

IFC  Source 

1.50 

0.05 

2.34 

2.32 

•  m 

3.13 

3.11 

•  • 

4.23 

4.21 

•  • 

4.89 

4.88 

•  • 

1.40 

1.40 

m  m 

2.37 

2.36 

2.25 

3.19 

3.15 

3.05 

4.30 

4.25 

4.05 

4.97 

4.96 

4.75 

1.60 

1.70 

0.20 

2.32 

2.28 

2.25 

3.13 

3.11 

3.05 

4.25 

4.21 

4.15 

4.91 

4.88 

4.82 

1.70 

1.60 

1.15 

2.37 

2.36 

2.25 

3.18 

3.15 

3.10 

4.29 

4.25 

4.15 

4.95 

4.92 

4.85 

1.80 

1.80 

1.15 

2.36  1 

2.36 

m  m 

3.19  , 

3.19 

-  - 

4.31 

4.29 

m  m 

4.96 

4.92 

-- 

1.30 

-- 

1.10 

UCC/L-39-/0-1 


Acceptable  pulses  from  «;uch  detector,  us  deternined  by  various  combinations 
of  coincidence  logic,  are  analyzed  with  separate  15-channel  pulse-height 
analyzers  of  the  analog-to-digital  type. 
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Section  3 
OPERATIONS 


3.1  Satellite  Performance 

Between  18  March  1969  and  28  April  1970,  the  OV1-18  satellite  has 
completed  6l6l  orbits  in  space.  Of  this  total  number,  there  have  been 
698  telemetry  acquisitions  of  the  satellite  by  the  eight  tracking  sta¬ 
tions  in  the  net.  During  6ll  of  these  acquisitions,  tape-recorded  data 
were  transmitted  to  the  station  at  a  16:1  reproduce/record  ratio.  In 
this  manner,  slightly  greater  than  one  complete  orbit  of  data  (100  minutes) 
were  obtained  for  each  station  pass.  The  remaining  data  consists  of  real¬ 
time  passes  over  a  station,  particularly  over  the  Ascension  Island  tracking 
station  which  is  located  in  the  South  Atlantic  anomaly  region. 

Analog  telemetry  tapes  recorded  at  the  respective  tracking  stations 
were  shipped  to  Cape  Kennedy  where  they  were  dubbed  and  used  to  generate 
a  computer-compatible,  digital- formatted  tape.  Both  the  analog  and  digital 
tapes  for  each  pass  were  made  available  to  the  various  experimenters.  Upon 
receipt,  all  analog  tapes  were  surveyed  at  the  Lockheed  Research  Laboratory 
Data  Processing  facility.  Key  experiment  data  and  satellite  status  data 
were  isnediately  processed  on  12-channel  pen  recorders.  A  log  of  satellite 
performance  parameters  including  transmitter  signal  strength,  tape  recorder 
data  quality,  solar  cell-battery  power  output,  temperature,  command  responses, 
and  orientation  in  the  geomagnetic  field  was  accurately  maintained.  In  gen¬ 
eral,  with  the  one  exception  of  satellite  orientation  stability,  the  over¬ 
all  performance  of  the  0V1-18  spacecraft  can  be  described  ac  excellent. 

Evaluation  of  the  satellite  power  system  indicates  that  the  solar  cells 
have  provided  and  are  providing  sufficient  voltage  and  current  to  the  vehicle 
regulator  to  maintain  the  experiment  power  bus  at  an  extremely  stable  + 28 
+  0.04  VDC.  Analysis  of  several  temperature  monitors  throughout  the  14 -month 
period  of  operation  has  revealed  an  experiment  operating  range  from  +l8°C 
to  +25°C,  a  re  markedly  narrow  and  desired  range. 
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si  r.al  strength  from  the  satellite  has  boon  sufficiently 
hi  1)  such  that  excellent  signal-to-nolse  ratios  have  been  consistently 
achieved.  On  cany  acquisitions,  it  is  not  unusual  to  process  u  complete 
100  minutes  of  tape -re corded  data  containing  over  1(7  bits  of  data  without 
the  loss  of  a  single  bit.  The  averare  bit-error  rate  has  been  approximately 
one  part  ir.  It"  which  still  results  in  high-quality  data.  An  apparent  var¬ 
iation  in  tape  recorder  speed  was  observed  during  Kay  1969>  but  this  prob¬ 
lem  corrected  itself  and  normal  performance  has  been  observed  since  that 
time. 

As  a  result  of  difficulties  in  deploying  the  gravity-gradient  stabili¬ 
zation  boons  shortly  after  launch,  the  0V1-18  satellite  never  achieved  the 
desired  three-axis,  eurth- centered  stabilization.  Initially,  the  satellite 
instability  manifested  itself  as  a  relatively  slow  tumble  with  a  rate  of 
0.01  per  minute  or  approximately  one  complete  revolution  per  orbit.  The 
tumble  rate  slowly  increased  in  an  approximately  linear  manner  to  O.?>0 
revolutions  per  minute  as  shown  in  Figure  3»1  until  mid-September  19^9 
when  one  or  more  of  the  booms  apparently  camo  free  of  the  satellite.  At 
this  point,  the  tumble  rute  increased  more  dramatically  to  a  maximum  value 
of  0.U8  revolution  per  minute  and  then  slowly  decreased  to  the  present 
value  of  approximately  0.40  revolution  per  minute.  The  tumble  rate  was  con¬ 
tinuously  monitored  along  the  three  principle  vehicle  axes  by  a  tri-axis 
magnetometer.  As  discussed  in  the  data  analysis  section,  a  detailed  anal¬ 
ysis  of  these  magnetometer  outputs  revealed  that  residual  offsets  existed. 

A  correction  program  was  Incorporated  into  the  data  processing  loop  to 
compensate  for  these  offsets.  The  resultant  Instrument  and  satellite 
orientation  data  with  respect  to  the  geomagnetic  field  is  thouj'ht  to  be 
accurate  to  a  few  degrees.  The  most  significant  effect  that  the  Inch  of 
vehicle  stability  has  produced  is  a  reduction  in  the  fraeli«>n  of  time 
spent  observing  desired  phenomena,  for  example,  the  instruments  are  or¬ 
iented  toward  the  earth  during  an  appreciable  portion  of  an  orbit.  How¬ 
ever,  since  each  instrument  orientation  in  the  geomagnetic  field  is  Known 
at  all  times,  valuable  information  i3  obtained  when  the  orientation  is 
favorable . 
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Tub lo  3-1  contain.*;  u  summary  of  the  data  acquired  from  the  0V1-18 
satellite  along  with  the  number  of  analog  tapes  which  have  been  surveyed 
for  Key  data.  Complete  analog  pen  recordings  of  all  the  experimental  data 
have  been  processed  from  52  tape-recorded  passes.  In  addition,  86  tape- 
recorded  orbits  have  been  processed  through  the  Lockheed  UNIVAC-1108  digital 
computer.  Ibis  latter  process  utilizes  the  formatted  digital  tapes  mentioned 
earlier  and  allows  detailed  scientific  calculations  to  be  performed  on  the 
data.  The  various  software  programs  which  were  developed  under  this  con¬ 
tract  to  process  these  data  ere  described  in  the  data  analysis  section. 


Table  3-1  Extent  of  Data. 


1.  Satellite  orbits  (l8  March  1969  -  28  April  1970) 

6l6l 

2.  Data  acquisitions 

658 

a. 

Tape  recorded  orbits  611 

b. 

Real-time  station  passes  U7 

3.  Processed  data 

a. 

Analog  survey  pen  recordings 

1.  36  tapes  not  received 

2.  13  tapes  too  noisy  for  processing 

562 

b. 

Analog  pen  recordings  for  all  experiment  data 

52 

c. 

Digital  tapes  processed  through  UNIVAC-1108 
computer 

86 

3.2  Instrument  Performance 

The  overwhelming  majority  of  the  instruments  in  the  payload  performed 
well  and  are  still  producing  useful  data  over  a  year  after  launch.  All 
twelve  of  the  particle  instruments  functioned  as  designed  and  are  still 
operating  although  some  of  the  specially  designed  chunnel-clectron-mul- 
tipliers  in  one  instrument  (the  Electric  Field  Probe  or  EFP)  have  exper¬ 
ienced  gain  fatigue  and  are  no  longer  producing  useful  data.  These  mul¬ 
tipliers  require  a  longer  outgassing  period  than  the  conventional  units  and 
several  of  them  suffered  a  period  of  corona  discharge  when  the  satellite 
payload  was  turned  on  earlier  than  expected  on  orbit  51*  This  early  turn-on 
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was  decided  upon  because  persistent  drops  in  the  telemetry  power  output  during 
the  first  three  days  caused  sane  concern  about  the  possible  early  failure  of 
the  telemetry.  The  problem  later  cleared  itself  up,  however,  and  as  has  been 
indicated,  the  telemetry  functioned  well  for  the  remainder  of  the  experiment. 

The  ion  energy  analyzer  worked  well  for  a  period  of  225  orbits.  All 
experiment  monitors  indicate  normal  instrument  operation  over  this  period. 

As  has  been  indicated,  the  two -axe 3  stabilization  of  the  vehicle  was  not 
achieved  and  thus  the  programed  operation  of  the  IEA  was  not  as  effective 
as  had  been  planned;  however,  the  data  may  be  retrieved  by  appropriate  analy¬ 
sis.  A  sample  of  the  data  thus  obtained  is  shown  in  Figure  $,2,  This  data 
was  obtained  from  just  one  sensor  element  and  is  typical  of  the  data  found 
from  the  other  sensor  elements.  The  data  presented  in  Figure  3*?  is  quick- 
look  ion  density  data  and  has  been  processed  by  hand.  No  effort  has  yet  been 
made  to  normalize  this  raw  data  to  the  velocity  vector  direction.  The  char¬ 
acter  of  the  data  is,  however,  interesting  in  that  it  claarly  shows  that 
large  horizontal  gradients  in  the  ion  density  do  exist.  The  complete  analysis 
of  the  data  awaits,  however,  the  determination  of  the  attitude  of  the  vehicle 
as  a  function  of  orbit  position. 

Although  not  uniquely  determined,  the  failure  of  the  instrument  may 
have  resulted  from  the  required  addition  of  the  three  extra  sensor  elements. 
The  four  sensor  elements,  when  operated  together,  required  operation  nearer  to 
the  output  limit  of  the  instrument  power  supply  than  with  ore  sensor.  Short¬ 
term  tests  and  circuit  analysis  showed  the  performance  to  be  satisfactory, 
but  the  constraints  of  time  imposed  by  the  launch  schedule  precluded  long¬ 
term  tests. 

The  cylindrical  Langmuir  probe  operated  as  designed  from  instrument 
turn-on  to  the  present  time.  Selected  orbits  of  data  have  been  analyzed 
by  hand.  Complete  analysis  of  the  data  awaits  the  orbit-attitude  informa¬ 
tion.  An  example  of  an  actual  data  record  is  shown  in  Figure  3*3  in  which 
one  complete  data  cycle  is  given.  The  upper  trace  corresponds  to  the 
potential  applied  to  the  probe.  The  lower  trace  represents  the  data  out¬ 
put  from  which  the  characteristic  volt-ampere  curves  are  constructed.  The 
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Figure  3»3  Simple  data  from  Lant-nuir  probe 
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electron  temperature  arid  density  are  subsequently  obtained  from  the  analysis 
of  the  volt-ampere  curves. 

The  KKA  experiment  operated  as  designed  for  approximately  one  and  one- 
half  orbits  of  data  acquisition.  Samples  of  telemetry  output  for  the  three 
;on::or  heads  over  several  instrument  cycles  and  during  the  first  orbit  of 
data  acquisition  is  illustrated  in  Fii'ure  3»**»  The  top  signal,  labeled 
Phase,  indicates  the  retardin’  potential  applied  to  the  retarding  grid  and 
also  the  high  and  low  current  calibration  phases.  The  other  three  :;J  'rials 
indicate  the  telemetry  voltaic  corresponding  to  the  electron  current  collected 
by  each  sensor.  Only  a  few  individual  cycles  have  been  analyzed,  two  of  which 
will  be  presented  in  Ficurc  J*.10  in  the  data  analysis  section.  During  the 
second  orbit  of  data  acquisition,  the  instrument  failed  from  on  ’indetermined 
cause.  However,  the  uniqueness  of  this  low-energy  electron  data  makes  only 
one  and  a  half  orbits  of  data  of  significant  value. 

3.3  Coordinated  Observations 

For  selected  periods,  the  satellite  experiment  has  also  provided  quar ti¬ 
ts'  ive  measurements  of  the  particle  flux  inputs  to  the  ionosphere  for  inter- 
oompurison  with  coordinated  ground-based  observations  of  various  ionospheric 
phenomena.  Of  particular  interest  is  a  study  of  the  relationship  between 
radar  clutter  and  refraction  phenomena  and  the  auroral  particle  fluxes.  Three 
sets  of  coordinated  satellite  and  ground-based  radar  observations  have  been 
carried  out,  two  in  cooperation  with  the  radar  group  at  Stanford  Research 
Institute  utilizing  their  facility  at  Homer,  Alaska,  and  one  with  the  radar 
rroup  at  the  MIT  Lincoln  Laboratory  (ABMDA).  The  first  set  of  coordinated 
measurements  were  obtained  over  a  six-week  period  between  23  March  and  8  May 
1909  during  twenty-seven  traversals  of  the  satellite  over  the  Fairbanks  area. 
Radar  auroras  were  observed  on  most  of  the  passes  and  preliminary  scans  of 
the  satellite  data  l*rom  Ph  passes  has  shown  that  particle  precipitation.:  wo  re 
occurring  on  each  of  the  overpasses  whr,n  radar  returns  were  reported.  The 
second  set  of  coordinated  measurements  was  made  during  a  seven-week  period 
between  1  fieptember  and  1/  October  1  '/>')  during  thirty-one  traversals  of  the 
satellite  over  the  Fairbanks  area.  For  the  experiment  with  the  MIT  Lincoln 
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Laboratory,  the  satellite  was  operated  for  thirteen  dayside  passes  over 
Quebec  Province  in  Canada  during  the  period  10  April  to  17  April  1970. 

A  set  of  coordinated  measurements  was  also  obtained  with  the  DASA 
PC4-69  operation  at  Fort  Churchill,  Canada,  during  which  the  satellite 
provided  measurements  on  the  solar  particle  event  which  was  in  progress 
at  the  time,  and  determined  the  contributions  to  the  disturbed  ionosphere 
made  by  the  low-energy  (auroral)  particles  at  the  times  of  the  overpasses. 
During  this  period  (P-5  March  1909)  the  satellite  was  programmed  to  obtain 
seven  overpasses  of  the  Churchill  area  and  large  fluxes  of  solar  protons 
in  the  1  to  10-MeV  range  as  well  as  energetic  solar  electrons  and  alpha 
purticles  and  auroral  particles  were  observed. 

The  satellite  was  also  specially  programmed  during  the  period  of 
24  November  to  18  December  1989  for  coordinated  observations  with  the  NASA 
1969  Airborne  Auroral  Expedition  and  simultaneous  data  were  obtained  on 
auroral  precipitation  events. 
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flection  4 

PRELDCDJAra  DATA  ANALYSIS 

Several  complementary  techniques  have  been  utilized  to  process  and  to 
ussess  the  data  as  it  has  been  received.  For  each  acquisition,  one  or  more 
survey  plots  showing  the  outputs  of  some  representative  detectors  has  been 
made  from  the  analog  tape  by  means  of  the  Lockheed  ground  station  which 
decodes  and  demultiplexes  the  signal  and  produces  an  analog  strip  chart 
containing  six  selected  instrument  outputs.  Since  this  process  is  entirely 
analor,  the  digital  time  base  information  from  the  satellite  is  not  readily 
available  and  so  the  plots  have  an  unnormalized  time  scale.  They  are  ex¬ 
tremely  useful,  however,  to  indicate  the  quality  of  the  data,  to  verify  that 
the  payload  is  still  functioning  normally,  and  to  give  a  rough  indication 
of  the  general  level  of  particle  fluxes. 

Figure  4.1  shows  tho  raw  data  from  several  representative  detectors 
in  this  survey  format.  Relative  time  is  plotted  ulong  the  horizontal  axis. 

The  period  shown  corresponds  to  one  complete  tape  recorder  dump  (100  minutes) 
or  somewhat  more  than  one  orbit.  The  upper  curvo  shows  the  output  of  the 
CME-1A  in  the  range  from  0  to  5  volts.  This  detector  responds  to  electrons 
with  energies  between  0.8  and  1.5  keV.  The  two  spikes  shortly  after  turn-on 
arc  an  in-flight  calibration  sequence.  The  satellite  at  this  point  is  heading 
south  on  the  nightside  of  the  earth  toward  the  auroral  zone.  An  enhanced  flux 
is  observed  during  the  south  polar  crossing  and  the  instrument  returns  to  its 
background  level  (defined  by  the  in-flight  radioactive  calibration  source)  us 
the  satellite  heads  north  on  the  duyside.  The  large  noise  spike  in  the  center 
of  the  record  is  from  the  reversal  of  the  tape  on  the  recorder.  The  satellite 
then  crosses  the  northern  auroral  zone  on  the  duyside,  goer,  through  the  polar 
cap  region  where  the  flux  goer,  down  to  background  level  raid  then  crosses  the 
auroral  zone  again  on  the  nightside  heading  sewth.  Tito  two  spikes  ire  fr»*r 
another  in-flight  calibration  sequence  and  the  tape  ends  with  a  slight  en¬ 
hancement  due  to  tho  penetrating  particles  in  the  radiation  belt.  Tbo  reason 
that  the  duyside  and  nightside  auroral  zones  arc  mer/^ed  in  the  southern  hemi¬ 
sphere  and  separated  in  the  north  is  that  for  this  particular  traversal  the 
orbit  reached  higher  magnetic  latitudes  in  the  north. 
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The  next  two  curves  show  similar  results  for  CME-1C  (3-75  to  7*0  keV 
electrons)  and  CM3-1E  (17.3  to  37.0  keV  electrons).  The  region  of  enhanced 
count  rate  in  CME-1E  just  prior  to  the  second  calibration  sequence  is  a 
spurious  response.  The  fourth  curve  down  shows  the  output  of  CFP-1B  (pro¬ 
tons  with  energies  greater  than  10  keV).  All  of  these  instruments  used 
channcl-clectron-multipliers  as  the  sensors.  The  bottom  two  curves  show 
the  outputs  of  two  of  the  scintillator-photomultiplier  detectors.  The 
TED-3  response  is  proportional  to  the  total  energy  flux  of  electrons  with 
energies  above  about  25  keV.  This  response  reaches  a  maximum  at  latitudes 
below  the  auroral  zones  in  the  region  of  the  outer  radiation  belt.  The 
lower  curve  diows  the  output  of  one  of  the  channels  of  the  Penetrating 
Radiation  Monitor  (iWi)  which  is  sensitive  to  protons  in  the  MeV  range. 

A  solar  proton  event  was  in  progress  during  the  period  illustrated  und  the 
or. or  otic  protons  were  seen  over  both  polar  caps. 

The  next  stage  of  analysis  is  performed  by  a  computer  program  which 
processes  the  Air  Force -supplied  digital  tapes  for  selected  orbits  and  pro¬ 
duces  a  complete  set  of  survey  plots  showing  the  outputs  of  50  detectors  on 
six  different  strip  charts  with  a  normalized  time  base.  The  program  first 
unpacks  the  digital  tapes  through  a  logical  bit  manipulation  which  converts 
the  l»8-bit  words  into  1108-compatible  36-bit  words  and  then  stores  them  on 
magnetic  tape  in  a  converted  form  for  further  processing.  In  order  to  plot 
thin  large  ouantity  of  data  at  a  reasonable  cost,  it  wus  necessary  to  make 
use  of  five  drums  for  storage  und  to  use  a  sleuth  routine  for  changing  the 
buffer  size  of  the  plot-output  tape.  A  short  section  from  each  of  three  of  the 
six  strip  charts  are  shown  in  Figures  l».2,  J*.3  arid  •i.h  during,  a  traversal  of 
the  northern  polur  region  on  13  April  11170.  The  abscissa  J:;  a  continuously 
running  time  index  in  seconds.  The  channels  with  a  common  pointing  direction 
are  grouped  together  and  the  top  curve  in  each  figure  shows  the  pitch  angle 
corresponding  to  this  pointing  direction  as  a  function  of  time  as  computed 
from  the  on-board  magnetometer  data.  The  scale  varies  from  0°  to  180°  with 
0°  corresponding  to  particles  coming  down  into  the  atmosphere  in  the  southern 
hemisphere.  The  nominal  55°  detectors  are  further  subdivided  into  two  groups. 
The  pitch  angle  corresponding  to  the  TEP  detectors  is  shown  in  the  light 
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Particle  data  from  the  notainal  0  detectors  during  a  traversal  of  the  northern 
polar  region  on  13  April  1969. 


55  PA 


Particle  data  from  the  nominal  55  detectors  during  a  traversal  of 
the  northern  polar  region  on  13  April  1969* 
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Figure  k.k  Particle  data  from  the  nominal  90°  detectors  during  a  traversal  of  the 
northern  polar  region  on  13  April  1969. 
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curve  while  that  for  the  remaining  detectors  is  shown  in  the  darker  curve. 

Two  curves  are  also  shown  for  the  ADI  instruments.  The  light  curve  indicates 
the  instrument  response  when  on  its  1.2-kilovolt  threshold  and  the  dark  curve 
is  the  0.2-kilovolt  threshold  response.  Each  of  the  other  curves  shows  the 
output  of  an  individual  detector  in  the  range  0  to  $  volts.  The  traversals 
of  the  day side  auroral  tone  at  about  2231100  seconds  and  the  nightside  auroral 
zone  at  about  2231800  arc  marked  by  enhanced  and  fluctuatlnr  -esponscs  in  both 
the  electron  and  proton  channels.  Care  must  bo  exercized  in  interpreting  these 
raw  data  since  several  varieties  of  spurious  response  are  present.  For  ex¬ 
ample,  in  Figure  4.U,  at  about  2231550,  the  nominal  90°  detectors  are  looking 
at  the  sun  as  indicated  by  the  saturated  response  of  ADI-3  and  the  high  smooth 
peaks  in  the  CFE's.  The  peak  at  about  2231WJ0  in  the  CFP-2A  response  in  Fig¬ 
ure  H.3  is  due  to  ultraviolet  light  (Cf.,  the  UV  monitor  CZU-2).  The  enhanced 
response  at  about  2231300  in  CFP-1P  and  the  enhanced  response  of  ADI-1  in 
Figure  U.2  are  due  to  the  "scooping  up"  of  plasma  which  occurs  when  these 
detectors  are  oriented  in  the  velocity  direction  during  the  tumbling  of  the 
spacecraft.  This  type  of  record  has  been  found  Invaluable  in  determining 
the  regions  and  extent  of  spurious  response  and  in  selecting  particularly 
interesting  ncpKnts  of  data  for  detailed  analysis. 

A  computer  program  to  perform  the  next  step  in  the  detailed  analysis  or 
the  precipitating  fluxes  for  selected  periods  has  also  been  developed,  [t 
uses  as  input  the  1108  compatible  magnetic  tape  produced  by  the  above- 
described  program  and  also  the  calibration  curves,  geometric  factors,  energy 
ranges  and  background  levels  of  the  various  channels.  The  responses  of  thirty- 
one  detectors  are  combined  into  energy  spectra,  pitch-angle  distributions, 
differential  and  integral  flux  intensities  and  mean  particle  energies  for 
both  the  electron  and  proton  fluxes.  The  program  also  generates  a  new  con¬ 
densed  magnetic  tape  record  of  the  outputs  of  the  selected  detectors  for  the 
chosen  time  intervals  and  allows  the  storage  of  many  of  these  intercstinr 
time  intervals  from  different  orbits  on  one  tape  for  convenience  and  econ¬ 
omy  in  further  processing.  The  program  subdivides  each  interval  into  lOO- 
second  periods  and  for  cadi  100-i;econd  period  it.  produces  eieht  separate 
plots,  prints  an  output  record  of  all  computed  and  plotted  quantiti'*::,  aid 
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produces  a  microfilm  copy  of  both  the  plots  and  the  printed  outputs.  Some 
of  the  computer  plots  giving  the  electron  results  for  a  representative  period 
ure  shown  in  Figures  b.5,  *».6  and  h.7.  The  satellite  is  in  the  southern 
duysidc  auroral  zone  heading  north  (at  a  magnetic  latitude  of  about  70°). 

The  abscissa  is  a  continuously  running  time  index  (in  seconds).  The  left- 
hand  section  of  Pirure  h.5  shows  the  results  from  the  nominal  0°  CMS  detect¬ 
ors.  The  curve  between  1  and  2  on  the  ordinate  scale  is  the  logarithm  of  the 
integral  of  the  electron  flux  between  0.8  and  16.3  keV  obtained  fron  the  CHE-1 
detectors.  It  varies  between  10^  and  10*°  electrono/en^-sec-steradian  in  the 
interval  indicated.  The  solid  curve  between  0  and  1  on  the  ordinato  gives  the 
average  electron  energy  on  a  linear  scale  in  keV  (between  0  and  20  KeV).  The 
dotted  curve  rives  the  orientation;  that  ist  the  pitch  angle  being  sampled 
by  this  sot  of  detectors,  on  a  linear  scale  between  0°  (ordinate  ■  0)  and  ieo° 
(ordinate  ■  1.8).  The  region  of  the  plot  between  2  and  7  on  the  ordinate 
scale  contains  the  differential  electron  spectrum  from  the  CBt-1  detectors 
for  each  second  of  the  period  illustrated  when  the  flux  was  significantly 
above  background.  The  spectrum  from  the  first  second  is  the  plot  at  the  top 
left,  the  next  is  one  plot  down  and  etc.  The  spectra  have  been  normalized 
to  one  unit  of  ordinate,  and  two  decades  are  plotted  on  a  logarithmic  scale. 

In  examining  these  data  shown  in  Figure  l*. 5,  one  sees  two  regions  of  signif¬ 
icant  fluxes,  the  second  one  being  harder  and  more  intense. 

The  right-hand  section  of  Figure  U.5  shows  a  similar  set  of  plots  for 
the  CHE-2  and  CIG-3  detectors  (nominal  55°  pointing  direction).  Figure  U.6 
shows  similar  results  for  the  OC-h  (nominal  9°°  pointing  direction)  and 
CME-5  (nominal  180°  pointing  direction)  detectors.  The  integral  electron 
fluxes  measured  at  the  various  pitch  angles  corresponding  to  the  instant¬ 
aneous  pointing  directions  of  these  several  instruments  ure  gathered  together 
in  Figure  H.Y  where  u  pitch-angle  distribution  at  each  second  of  the  period 
illustrated  is  plotted.  The  distribution  from  the  first  second  is  the  plot 
at  the  top  left.  The  next  is  one  plot  down,  etc.  The  abscissa  of  each  plot 
is  pitch  angle  in  degrees  (20°  per  subdivision).  The  ordinate  is  the  loga¬ 
rithm  of  the  integral  flux  varying  from  10^  to  10*®  electrons/ cm*  -sec-ster. 

One  sees  that  during  the  events  shown  the  flux  was  roughly  isotropic  in  the 
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.6  Electron  fluxes  during  a  traversal  of  the  southern  dayside 
auroral  zone  on  13  May  19&9* 
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Figure  4.7 


Electron  ui.  ;ular  distributions  darin  m  traversal  of 
the  southern  dayside  auroral  zone  on  13  May  1969. 
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upper  hemisphere,  while  the  upward  traveling  (backscattered)  flux  was 
substantially  reduced. 

The  next  step  in  the  analysis  is  the  quantitative  intercomparison  of 
the  electron  and  proton  fluxes  as  computed  by  the  previously-described 
program  with  the  various  ionospheric  measurements  made  simultaneously  on 
the  satellite.  This  step  has  not  yet  been  accomplished  since  the  correct 
satellite  orbital  elements  which  are  to  be  supplied  by  the  Air  Force  have 
not  been  received  for  revolutions  below  389* 

The  ephemeris  program  routinely  used  in  conjunction  with  the  data 
analysis  makes  use  of  the  inertial  coordinates  provided  on  an  hourly  basis 
by  ENT  Air  Force  Base,  Colorado.  The  program  represents  a  modification  of 
one  previously  written  at  LMSC.  In  addition  to  providing  the  geographic 
coordinates  once  every  ten  seconds,  several  other  important  quantities  are 
computed.  Subroutines  are  incorporated  for  calculating  various  quantities 
relating  to  the  earth's  magnetic  field:  B,L,  the  invariant  latitude,  KMin, 
altitude  of  the  conjugate  point,  and  the  auroral  time.  For  a  typical  orbit 
acquisition  approximately  two  to  three  minutes  of  1108  computer  time  is 
required. 

After  the  ephemeris  is  generated  for  a  given  orbit,  certain  tests  are 
routinely  performed  to  verify  its  validity.  In  one  of  the  mose  useful  of 
these  checks,  the  current  outputs  of  the  solar  cell  arrays  are  compared  with 
the  times  of  transition  from  lightness  to  darkness,  as  calculated  in  the 
ephemeris  program.  This  test  can  be  performed  to  an  accuracy  of  3  to  5 
seconds.  Additional  information  on  the  onset  times  of  lightness  and  dark¬ 
ness  is  obtained  from  the  solar  sensors.  Another  validity  check  involves 
comparisons  between  the  magnetic  field  strengths  neasured  with  the  magnet¬ 
ometer  und  those  calculated  from  the  geographic  position  and  the  earth's 
magnetic  field  model.  This  technique  will  readily  indicate  the  existence 
of  largo  errors  in  the  ephemeris  but  jo  not  competitive  with  the  light 
sensors  in  regard  to  accuracy.  The  response  of'  the  FUM  instrument  to  the 
four  crossings  of  the  outer  radiation  belt  on  each  orbit  also  serves  as  an 
indication  of  any  gross  ephemeris  errors. 
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As  a  result  of  the  foregoing  tests  it  wu a  dj  scovered  that  the;  ephemeris 
values  supplied  by  ENT  Air  Force  Base  were  in  serious  error  for  the  first  388 
orbits.  For  example,  on  orbit  388  the  light  sensor  indicated  a  time  equiva¬ 
lent  error  of  125  seconds.  Upon  further  checking,  a  sudden  step  function  in 
the  satellite  position,  as  derived  from  the  ephemeris  cards  supplied  by  ENT, 
was  uncovered.  It  is  now  generally  agreed  that  the  tracking  data  used  were 
for  another  object  near  the  0V1-18  satellite.  Accordingly,  for  the  last  six 
months  personnel  at  ENT  have  been  trying  without  success  to  generate  a  correct 
ephemeris  for  the  first  388  orbits.  As  a  result  of  their  difficulties,  attempts 
are  now  being  made  at  IM3C  to  run  vulid  ephemeris  for  orbits  greater  than  388 
"backward"  in  time  for  about  20  days  to  cover  the  earlier  orbits. 

Recently,  the  accuracy  of  the  ephemeris  has  been  tested  for  revolution 
6007  by  comparing  the  calculated  positions  with  those  measured  with  radar 
techniques  by  Dr.  A.  Fieed  at  Lincoln  Laboratory,  Massachusetts  Institute  of 
Technology.  The  calculated  and  measured  positions  wore  found  to  agree  within 
five  kilometers. 

As  originally  designed,  all  of  the  charged  particle  detectors  were  to 
maintain  a  constant  orientation  with  respect  to  the  zenith  and  the  vehicle 
velocity  direction.  Under  these  conditions  the  detector  orientation  with 
respect  to  the  local  magnetic  field  direction  would  be  readily  calculable 
from  established  magnetic  field  models  and  the  satellite  ephemeris.  However, 
because  of  the  failure  of  the  gravity-gradient  stabilization  system  and  the 
resultant  tumbling  of  the  vehicle,  the  detector  orientations  must  be  cal¬ 
culated  from  the  on-board  magnetometer  measurements.  The  calculated  orienta¬ 
tion  of  the  instruments  is  very  sensitive  to  the  corrections  to  the  measured 
field  which  must  be  applied  because  of  vehicle  fields.  If  one  .assumes  that 
the  vector  offset  field  is  constant  in  the  frame  of  the  satellite,  it  can  be 
determined  by  comparing  the  measured  field  with  the  field  expected  on  the 
basis  of  established  field  models.  If  we  define  the  quantities 

BQ  =  Model  field 

Bu  =  Measured  field 

“b  =  »m-bo 
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an  offset  field  will  show  up  as  a  qua si -periodic  modulation  of  AB  with  a 
period  equal  to  the  spin  period  of  the  satellite.  This  is  clearly  demon¬ 
strated  in  Figure  4.8.  The  modulation  is  not  a  simple  sinusoidal  function 
because  the  vector  orientation  of  the  vehicle  offset  field  and  the  geomag¬ 
net  j.c  field  varies  in  a  complex  way  as  the  satellite  tumbles. 

If  one  assumes  a  possible  vehicle  offset  field  with  vector  components  -Cj 

where  .  deonted  the  coordinate  axis  and  an  error  in  the  calibration  scale 
J 

factor  of  (Ag-l)  for  each  axis,  wc  can  relate  the  true  (model)  field  to 
the  measured  field  bj  in  the  following  way. 

SjW  -  ♦  Cj] 

If  the  vehicle  orientation  were  independently  known,  one  could  calculate 

B.(t)  from  the  model  and  evaluate  C.  and  A.  from  a  best  fit.  However,  with- 
J  J  J 

out  prior  knowledge  of  the  vehicle  orientation  we  must  base  our  corrections 

on  the  discrepancy  in  the  total  field. 

B(t)  =  ^A12[b1(t)+C1]?  +  A,,2rb2(t)+C2]'?  +  A32[b3(t)+C3]2y 

To  evaluate  wc  first  choose  cases  where  )  -  t>3(t^)  =  0,  in  which  cusc 

wc  can  write 


where  we  have  used  the  notation  B(ti)  s  B.^  and  b^(t^)  =  b^.  If,  as  is  shown 
to  be  the  case,  the  corrections  are  small  compared  with  the  total  field,  we 
can  drop  the  second  order  terms  and  obtain 

Bi  “  Al(bli  +  Cl>* 

From  two  such  cases,  one  where  b, .  >  0  and  the  other  where  h, .  ■"  O,  we 

*  l:i  lk  * 
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Then 


B. 

x 


-Aitb^-KJi)  -  AjUb^l-C^ 

Vblg°l>  ' 


bli  +  >blkl 

CllblKl  ~  Vlt 

B,  +  B,. 


Similar  results  obtained,  for  A,,,^  and  A^jC^  by  choosing  suitable  cases  where 
b^  =  b^  =  0  and  b^  =  b^  =  0,  respectively. 

A  statistical  analysis  of  all  available  data  for  these  cases  lead  to 
the  following  results. 

CR  =  -19  mG 
Cy  =  -  8  mG 

Cz  =  -  9  n G 
'  *V  =  *Z  ~  h'02 


Firruro  b.(j  is  the  r.urno  data  shown  in  Figure  H.8  after  correcting  for  the 
offset,  field,  but  not  applying  the  scale  factor.  The  solid  line  shows  where 
the  zero  line  would  be  if  a  scale  correction  A  =  1.025  were  applied  to  the 
data.  It  is  obvious  that  the  periodic  modulation  has  been  eliminated.  The 
remaining  scatter  results  primarily  from  the  finite  resolution  of  the  tele¬ 
metry  system  and  general  noise. 

The  analysis  of  the  ion  density  has  not  at  present  been  undertaken  other 
than  to  verify  the  proper  operation  of  the  IEA  instrument  and  to  demonstrate 
that  significant  horizontal  ion  gradients  do  exist  in  the  ionosphere.  A  typ¬ 
ical  portion  of  those  results  are  shown  in  Figure  3*2  and  has  been  described 
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.in  an  earlier  section.  Tho  detailed  analysis  of  the  ion  density  requires 
accurate  in romiution  us  to  tho  orientation  of  the  sensor  elements  to  the 
direction  of  the  velocity  vector.  At  present  the  attitude-orbit  informa¬ 
tion  has  not  been  supplied  by  the  Air  Force.  As  the  attitude  data  becomes 
available  the  processing  of  the  ion  density  data  will  proceed. 


As  has  been  indicated,  the  vehicle  did  not  achieve  even  the  predicted 
two-axes  stabilization  and  was  in  a  variable  period  tumbling  mode.  This 
vehicle  notion  will  significantly  complicate  the  analysis  of  the  ion  density 
and  the  ion  temperature. 

The  analysis  of  the  electron  density  and  temperature  data  from  the  cylin¬ 
drical  Langmuir  probe  is  much  less  dependent  upon  the  vehicle  orientation. 
Consequently,  some  progress  has  been  made  toward  the  electron  density  and 
temperature  analysis  on  a  first-look  basis.  The  tumbling  mode  of  the  vehicle 
will,  however,  affect  the  electron  density  and  temperature  analysis  in  that 
for  certain  periods  the  probe  will  be  in  the  wake  of  the  vehicle.  While  in 
the  wake,  the  electron  density  measured  by  the  probe  is  not  simply  related 
to  the  undisturbed  electron  density.  Consequently,  the  orientation  of  the 
vehicle  must  be  known  to  insure  proper  interpretation  of  the  electron  data. 

Preliminary  analysis  of  EEA  data  has  revealed  several  interesting  results, 
particularly  with  regard  to  the  fluxes  of  electrons  in  the  energy  range  0-10  eV. 
Figure  4.10  illustrates  two  energy  spectra  recorded  at  night,  one  in  the  equa¬ 
torial  region  and  the  other  in  the  auroral  region.  The  large  fluxes  of  elec¬ 
trons  at  night  with  energy  in  the  0-2,  2-4  and  4-8  eV  range  at  the  equatorial 
region  are  unexpected.  A  plausible  source  of  excitation  for  such  large  fluxes 
is  not  known  at  present.  These  fluxes  of  electrons  may  contribute  to  the 
stable  red  arcs  observed  from  ground  stations  during  the  same  general  period. 

The  value  of  the  data  is  somewhat  decreased  and  the  difficulty  of  anal¬ 
ysis  increased  by  the  tumbling  of  the  spacecraft.  The  sensors  were  optimally 
oriented  with  respect  to  the  planned  stable  orientation  of  tho  space1  platform. 
However,  significant  results  are  still  expected. 
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Section  5 

SUMMARY  AND  CONCLUSIONS 

The  principle  conclusion  is  that  in  spite  of  the  failure  of  the  satellite 
to  achieve  orientation,  all  of  the  instruments  provided  some  high-quality  data 
and  a  large  body  of  data  has  been  acquired  that  promises  to  yield  significant 
results  on  the  systematic  relationships  between  the  ionospheric  structure  at 
this  altitude  and  the  input  energy  in  the  form  of  particle  fluxes.  The  Lang¬ 
muir  probe  functioned  well  throughout  the  experiment  and  the  Ion  Energy  Anal¬ 
yzer  functioned  well  during  the  first  225  orbits.  They  have  demonstrated 
that  ionospheric  structure  is  observed  and  is  significant  at  this  altitude 
and  have  provided  a  body  of  data  sufficient  for  a  detuiled  intercomparison 
with  the  particle  detectors.  The  failure  of  the  vehicle  to  achieve  stabili¬ 
zation  has  complicated  the  analyses  and  the  delay  in  obtaining  good  ephemeric 
data  for  the  period  prior  to  orbit  388  has  resulted  in  a  delay  in  the  analysis 
of  the  ion  and  electron  density  results  since  detailed  attitude  information 
is  required  for  the  interpretation  of  the  data. 

Substantial  progress  in  the  analysis  of  the  particle  data  has  been 
achieved  in  spite  of  the  added  complications  due  to  the  vehicle  tumble.  A 
series  of  computer  programs  has  been  written,  the  successful  performances 
of  the  instruments  has  been  established,  and  detailed  surveys  of  the  parti¬ 
cle  fluxes  for  same  of  the  early  orbits  has  been  performed.  We  are  confident 
that  the  intercomparison  of  these  fluxes  with  the  ionospheric  structure  results 
when  they  become  available  will  yield  new  insight  into  the  causes  of  ionospheric 
structures  in  this  altitude  regime. 
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